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LAKE  CHAMPLAIN  ICE  FORMATION  AND 
ICE  FREE  DATES  AND  PREDICTIONS  FROM 
METEOROLOGICAL  INDICATORS 


Roy  E,  Bates  and  Mary-Lynn  Brown 


INTRODUCTION 

This  report  summarizes  several  climatological 
variables:  freezing  degree-days  (accumulated 
below  a  base  of  0®C),  air  temperatures  (1959-78), 
and  water  temperatures  (1962-78)  at  or  near  Bur¬ 
lington,  Vermont,  which  is  situated  on  Lake 
Champlain  (Fig.  1).  Annual  opening  and  closing 
dates  of  the  Lake  Champlain  Transportation 
Company  (LCT.  Co.)  Ferry,  located  at  Grand  Isle, 
Vermont,  were  provided  by  the  company.'  These 
opening  and  closing  dates  are  controlled  by  ice 
cover  formation  and  decay  on  the  lake,  CRREL 
established  and  operated  a  meteorological  sta¬ 
tion  at  the  Grand  Isle  site  during  the  winters  of 
1977  and  1978  and  at  Shelburne  Point,  Vermont, 
also  on  Lake  Champlain,  during  the  winters  of 
1975  and  1976. 

The  overall  objective  of  this  study  was  to 
examine  climatic  variables,  lengths  of  ice 
seasons,  air  and  water  temperatures,  and  freez¬ 
ing  degree-days.  Specific  objectives  were:  1)  to 
determine  the  relationships  existing  between  air 
and  water  temperatures  and  ice  formation  and 
breakup  on  Lake  Champlain;  2)  to  determine  if 
any  correlations  between  these  variables  might 
be  useful  tools  in  the  prediction  of  ice  formation 
and  breakup  dates;  and  3)  to  determine  the  ef¬ 
fects  of  wind  speed  on  ice  formation.  Several  ice 
formation  hypotheses  were  tested  from  the 
available  data  and  references  with  various 
degrees  of  success. 


DATA  TABULATION  AND  COLLECTION 
Air  temperatures 

Average  monthly  air  temperatures  were  ex¬ 
tracted  from  Local  Climatological  Data  Burling¬ 
ton,  Vermont',  for  the  years  lanuary  1959  -  May 
1978.  Air  temperature  data  for  this  period  were 
measured  at  the  Burlington  International  Air¬ 
port,  5  km  inland.  Although  average  monthly 
minimum  and  maximum  temperatures  exhibit  a 
greater  amplitude  range  at  the  airport  than  on 
the  lake,  the  average  monthly  temperatures  at 
both  locations  are  similar*. 

A  17-year  mean  monthly  temperature  and 
standard  deviations  were  computed  for  each 
month,  as  well  as  a  17-year  average  annual 
temperature*.  These  calculations  served  three 
purposes.  First,  monthly  temperature  departures 
from  normal  for  each  year  were  easier  to  identi¬ 
fy.  Second,  a  17-year  monthly  mean  temperature 
with  corresponding  ice  data  and  water 
temperatures  was  compared  with  the  30-year 
monthly  normals  for  Burlington,  Vermont,  com¬ 
puted  for  the  years  1941-1970,  and  presented  in 
Climatography  of  the  United  States,  No.  81,  for 
New  England*.  Air  temperature  trend  com¬ 
parisons  were  also  made  with  the  record  of 


‘When  comparing  air  and  water  temperatures  17  years  of  air 
temperature  data  were  used  When  computing  freezing 
degree-day  curve,  to  compare  freezing  degree-days  with  lake 
closings  19  years  of  air  temperafure  data  were  used(App  A) 
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figure  I.  Test  site  locations  in  Burlington,  Vermont,  area. 


monthly  normal  temperatures  determined  trom 
data  collected  since  1891-  Thus,  recent 
temperature  trends  became  apparent  (I  able  1). 
these  will  be  discussed  later  in  this  report 

C'ommcmc  mg  m  Dc'cernber  1974,  CRKH  in- 
stalled  an  instrument  shelter  and  a  water 
temperature  remote  recording  system  on  Lake 
Champlain  at  Shelburne  Point,  Vermont  This  in¬ 
strumentation  was  installed  to  monitor  the  thc-r- 
mal  structure  of  Lake  Champlain  (Fig  1)  A 
hvgrothermograph  provided  a  continuous 
record  of  air  temperatures  at  Shelburne  Point 
from  December  1974  through  April  197S,  and 
trom  December  1975  through  April  1976 

In  November  1976.  the  meteorological  station 
was  moved  from  Shelburne  Point  to  the  Grand 
Isle  (Gordon  Landing)  Ferry  Dock  at  South  Hero, 
Vermont  A  Doric  data  logger,  with  a  water 
temperature  profiling  device,  attached  by  cable 
to  a  buoy  approximately  100  m  from  shore,  was 
also  installed  The  Doric  data  logger  provided  a 
printout,  every  four  hours,  of  air  temperature, 
and  the  temperature  profile  from  the  surface 
through  the  ice  down  through  the  water  and  into 
the  mud,  where  the  cable  with  built-in  thermis¬ 
tors  was  attached  to  the  buoy  anchor  This 
eciuipment  was  in  service  on  Grand  Isle  for  the 
winters  of  1976-77’  and  1977-78 

Freezing  degree-days 

Daily  temperatures  were  used  tcj  compute  ac¬ 
cumulated  freezing  degree-days  for  the  winters 
of  1960-78  at  the  Burlington  Airport,  for  the 
winters  of  1974-75  and  1975-76  at  Shelburne 
Point;  and  for  the  winters  of  1976-77  and  1977-78 
at  Grand  Isle  These  accumulated  freezing 
degree-days  were  then  fed  into  a  computer  pro¬ 
gram  at  CRREL;  the  resulting  curves  are  shown  in 
Appendix  A  Mean  daily  air  temperatures  were 
entered  into  the  program  and  accumulated 
beginning  with  the  first  date  that  the  mean  daily 
temperature  remained  below  0°C  Furthermore, 
each  graph  (App  A)  illustrates  the  accumulated 
freezing  degree-days  experienced  during  a  par¬ 
ticular  year,  as  compared  with  the  19-year 
average  cumulative  winter  curve  and  the  TO-year 
normal  curve  These  curves  demonstrate  year-to- 
year  air  temperature  fluctuations  and  common 
tendencies  In  addition,  they  compare  condi¬ 
tions  at  the  two  CRREL  sites  and  the  Burlington 
Airport  Finally,  they  were  used  in  the  ice  predic¬ 
tion  methods  to  be  described  later  in  the  report 


Water  temperatures 

(  RKl  I  recently  (1974-1978)  lic'gan  to  measure' 
vsmtertimc'  water  temperatures  on  Lake' 
C  hamplain  1  he  Lake- C  hamplain  T ransportation 
Company  at  the  Burlington  Fi'rry  Dock  (f  ig  1) 
has  tabulated  daily  water  temperatures  since 
luly  1962,  with  the  exception  of  the  months  (usu 
ally  lanuary-Marc  h)  that  the  lake  has  been  ic  e 
covered  Mcjnthly  average  watcT  temperatures 
were  computed  fcjr  these  data  longterm 
monthly  water  temperatures  (17  years),  in 
eluding  standard  deviations,  wcuc-  also 
calc  ulated  (Table  2) 

In  <idclition  to  tlie  nu  hiv  .iverages,  graphs 
were  m.iclc-  of  ihc'  wat  tempc'rature  readings 
taken  on  the  1st  and  Isili  ot  each  montfi  tor  the 
yc-ars  19()2-78  Howevi'r,  in  aniilvzing  these  data. 
It  was  locind  that  year  to-year  yyalc-r  temperature 
flue  tuations  have  little  etfec  I  on  the  dates  ot  ic  e 
formation  I  hus,  thc'se  diagrams  were  omitted 
except  tor  tsco  ctirci's  th.it  demonstrate  the'  nor 
mal  range  ol  water  tc-miieralure  th.it  might  be 
c'X()ec  ted  and  the  average' c  urye  (f  ig  2)  (  igure' 2 
gives  an  e'lnc'lopi'  ot  cs.iti'r  temfie'r.iture's  th.it 
can  bt“  exiterience'ci  during  .inv  ve.ir 

Closing  and  opening  dates 

rhe  Lake  Ch.implain  Transfiortation  Crimp, iin 
also  (irovided  invaluable  data  from  their  ic'rry 
lc)g  re'cords  (1960-78)  of  the  closing  and  opc'iiing 
date's  of  the'  Ferrv  at  Grand  Isle,  these'  .ire'  shown 
in  Table'  .1  1  he  dates  shown,  t'specialK  the  c  los 
irig  date's  ot  the  ferry,  serve'd  .is  the'  base'  date's 
for  manv  of  fhe  calculations  pi'rtormed  tor  the 
(trediction  of  ice  formation  and  decay  on  the' 
lake  The  average  number  esf  davs  betwei'n  clos¬ 
ing  and  opening  of  the  ferrv  approximates  the 
number  of  days  navigation  on  the  lake  is  re¬ 
stricted  due  to  ice  cover 


RESULTS 

Air  lemperalurc 

I  he'  prim.irv  ob|i'e  tive'  tor  .in.ily  zing  .iii  tem- 
Iie'r.ilurc's  w.is  to  c  .lie  ul.ilc'  the'  tri'c'/ing  di'giei' 
d.iv's  A  liirtlii'r  use'  ot  the  .nr  ti'intier.itures  cs.is 
to  te'st  the'  hypothi'sis  (si'e'  An.ilysis,  fi  8|  lh.it 
siimnu'r  w.iti'r  or  .lir  le'mper.iturc's  might  .iltee  I 
ICC'  tcirmation  the  lollowing  winti'i  Howe'si'i, 
l.ibli'  I  .ilso  illustr, ill's  some  interi'sting  tri'Hils 
ri'sulting  trom  the'  .nr  ti'inpi'i.ituri'  re'cords 
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Table  1.  Air  (emperalures  (°C),  Burlington,  Vermont. 
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Table  3.  Data  tabulated  from  LCT  Co-  freeze-over  and  open  dates. 
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first,  monthly  air  temperatures  exhibit  the 
smallest  standard  deviations  during  the  sumnu'r 
months  Dune  through  September),  whi'reas  the 
greatest  range  ot  flu(  tuations  or  turs  in  the 
coldest  months  of  the  year  (December  through 
f  ebruary)  Second,  air  tem()eratures  show  a  rt‘- 
cc'nt  slight  cooling  trend  for  Burlington  ( fable  1 ) 
However,  there  is  nc'gligible  difference  between 
the  mean  monthly  temperatures  for  the  fO  year 
()ei  ic)d  ot  1941-1970  and  the  mean  since  1H9  f  As 
a  result,  these  long-term  average  temperatures 
for  the  two  periods  are  essentially  the  same 
6  9°C  (44  5°F) 

In  contrast,  air  temperatures  for  the  past  17 
years  have  averaged  0  5°C  colder  than  the  long¬ 
term  averages,  or  6  4°C  (41  S°F).  Records  for 
every  month,  averaged  for  the  past  17  years  and 
compared  with  the  30-  or  85-year  average, 
showed  slightly  colder  temperatures  than  the 
30-or  85-year  average.  One  item  that  partially  ex¬ 
plains  some  of  this  temperature  difference  is 
that  the  meteorological  station  was  moved  from 
downtown  city  offices  to  Burlington  Airport  in 

M<.v  ) 

Freezing  degree-days 

The  freezing  degree-day  curves  in  Appendix  A 
also  illustrate  the  rei  ent  cooling  trend.  The  "nor¬ 
mal"  curve  (30  years)  begins  on  1  December  and 
peaks  around  690  freezing  degree-days  °C.  In 
contrast,  the  19-vear  average  curve  begins  on  16 
November  and  peaks  at  810  freezing  degree- 
days  °C.  This  averages  out  to  a  daily 
temperature  difference  approximately  0.5°C 
(1°F)  colder  during  the  winter  for  the  past  19 
years  than  during  the  previous  period. 

Excluding  the  data  from  Shelburne  Point  and 
Grand  Isle,  a  wide  range  of  accumulated  freez¬ 
ing  degree-days  has  been  reported  since  1960. 
The  greatest  number  was  1125  freezing  degree- 
days  in  the  winter  of  1969-70  (App  A,  Fig  All), 
whereas  the  lowest  number  was  700  freezing 
degree-days  °C  in  the  winter  of  197.3-74  (App  A, 
Fig  A1 5)  Other  pertinent  freezing  degree-day  °C 
information  is  summarized  in  Table  3.  For  in¬ 
stance,  freeze-over  at  Grand  Isle  normally  oc¬ 
curs  at  342  accumulated  freezing  degree-days 
°C  (±  87°  degree-days),  whereas  final  freeze- 
over  of  the  entire  lake,  in  the  winters  that  ex¬ 
perience  complete  freeze-over,  normally  occurs 
after  603  freezing  degree-days  °C  (±  99  degree- 
days) 

An  additional  use  of  the  freezing  degree-day 


curves  ( one  erns  the  comparison  bc-twc'c-n 
various  stations  near  or  on  1  ake  Champlain  I  he 
air  temperature*  rec  ords  ot  Shelburne*  I’oint,  V'c*r 
mont,  wc*rt*  comparc*d  with  those*  of  the*  Burling 
ton  Airjiorl  for  the*  winte*rs  ot  1974-75  and 
1975  76  In  the*  tirst  winte*r,  She“lburne*  ave*r.ige*cl 
97  fewer  trc*e/ing  de*gre*e*-davs  °(  than  Burling 
ton,  and  202  fewer  in  the*  1975'7fj  winte*r  (App  A, 

I  igs  A16a-A17b)  This  is  e*x|)laine*d  by  the*  pe*r 
sislc*nce  of  o()e*n-wate*r  are*as  later  m  the*  winti*r 
near  the  Shelburne*  Point  me*asure*mi*nt  site*  and 
by  the  larger  geograjihic al  size*,  width  and  depth 
ot  the  lake  in  this  are*a  (hg  1) 

In  the*  wintt*rs  of  1976  77  and  1977  78.  .i  similar 
study  was  done,  utili/ing  data  trom  Grand  Isle 
as  the*  CRRF  1  mc*asure*me*nt  site*  was  move*d  from 
Shc'lburnc*  Point  to  Grand  Isle*  in  the*  tall  ot  197() 
The  Grand  Isle  frec*/ing  de*gre*e  clays  data,  whi*n 
c  ompared  with  the*  Burlington  data,  shejw  a  dit 
fe*rence  of  only  45  freezing  de*gree-days  °('  in  the* 
1976-77  winter,  and  105  in  the  1977-78  winter 
(App  A,  Figs  A18a  A19b) 

It  has  (irevioubly  been  established  (Bates 
1976’:  and  Bates,  in  prep,iration')  that  the 
normal  winter  temperature  curve  for  the  Burling¬ 
ton  Airport  approximates  curves  for  the 
Shelburne  Point  and  Grand  Isle  measurement 
sites.  Therefore,  the  difference  in  the  annual 
plots  from  site  to  site  must  be  attributed  to  the 
tempering  influence  of  the  lake  This  is  espe¬ 
cially  apparent  at  Shelburne  Point,  which  is 
situated  between  a  bay  and  the  main  lake  and  is 
thus  more  sensitive  climatii'ally  to  the  lake's  in¬ 
fluence.  In  contrast.  Grand  Isle  is  situated  on  a 
large  island  in  the  lake,  but  its  shoreline  and  sur¬ 
roundings  are  more  typical  of  the  rest  of  the 
lake.  Thus,  the  data  obtained  from  Grand  Isle 
probably  more  accurately  represent  the  winter¬ 
time  climatic  regime  of  Lake  Champlain 

Water  temperatures 

On  the  other  hand,  water  temperatures,  as  ex¬ 
pected,  do  not  exhibit  the  extremes  that  typify 
air  temperatures.  The  average  monthly  standard 
deviation  is  1.0°C  (1.8°F)  for  the  17-vear  period 
(Table  2).  The  largest  month-to-month  increase 
occurs  from  May  to  )une  (7.3°C)  (13°F).  The 
average  date  of  the  warmest  water  temperature, 
23.8°C  (74.8°F),  is  31  luly.  The  water 

temperature  slowly  cools  in  late  August  and 
September,  then  begins  to  drop  more  rapidly  as 
winter  commences  (Table  2;  Fig.  2). 

This  rapid  cooling  trend  leads  to  the  freeze- 
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DM' I  (>l  I  like  C  h.inipkiin  ,it  till'  ( ,1,1  IK  I  Kli'  I  I 'IIS 
',ili'  nonii.ills  (III  I ')  |,iiui,iis  ,111(1  till'  Like  k  nm 
Ml. ills  I  lust'll  till  n.is  ii;,iti(iii  ,i|)|iiii\iiii,it('ls  til 
il.iss,  Dpcniiit^  .iH.im  (III  ')  Apiil  ll.ililc  1) 

ANALYSIS:  ATTEMPTED  METHODS  OE 
PREDICTING  ICE  FORMATION 

Predicting  air  temperatures 

Altliiuigli  iii.iiis  III  (' t  ('III  (I I  og  1 1  .1 1  .111(1 

gcogr.iphit  .il  t.u  tors  .ittcit  the  (kite  ot  u  c  Im 
ni.ition,  siibtrct'/ing  ,iii  is  the  tirmi.ns  (ictci 
min.int  ol  ss.itcr  tcnipcr.itiirc  It  ,i  me, ms  ot  m.ik 
mg  more  .u  i  m.itc  long  i  .mgc,  I 'i-to  it)  (l.is  ,  .m 
tcnipcr.itiirc  torci  .ists  sscrc  possible,  the  .ii 
(  ur.u  s  ot  prcdii  ting  uc  toriii.ition  isould  tlicn 
be  grc.itls  nil  rc.iscd  Rogers''  .m.ils/cd  tom 
metbods  ot  torci  listing  .nr  tcmpcr.iturcs  on  the 
(’.rc.it  1  likes,  but  sshen  these  tei  liniiiues  sscrc  .i|i 
(ilicd  to  1  .ikc  (  b.mipl.nn,  the  resulting  picdn 
tioils  sscrc  not  .is  .n  i  ur.itc  .is  those  obt. lined  us 
mg  the  dcgrcc-d.iS'  or  ss.itcr  temper. iturc 
del  re.ise-livtime  method  lor  predii  ting  ii  e  toi 
m.ition  I  he  hitter  tsso  methods  .ire  desi  ribed 
hiter  111  this  report  (see  |i.ige  ‘)|  liilello  '’  disi  uss 
i'll  methods  tor  prediition  ot  ii  e  torm.ition 
gross  th  .mil  dei  .is  in  (  .in.id.t  using  the  Kodhe' 
rehitioiiship  betsseen  sseiglited  <nr  teni()er,itures 
.nni  lie  torm.ition  Ihis  method  ss.is  .ittempted 
tor  sescr.il  se.irs  ot  tenitier.iture  d.it.i  ini  lulling 
the  long  term  .iscrage  tor  liurlington  Airport, 
ne.ir  I  <ike  Ch.imphnn  Utih/ing  <i  derived  (k) 
s.llue  ot  t)t)J  (see  liilello"  or  Kodhe"  tor  es- 
[lenment.il  theorv),  d.ites  ot  tree/e-over  .it 
Gr.ind  Isle  sscrc  lomputed  svithm  i  ihiV''  ot  the 
obsersed  d.ite  Hosseser,  .ilthough  this  method 
demonstr.ites  .i  high  degree  ot  ai  i  ur.u  v,  it 
depends  on  reli.ible  .nr  temper. iture  lorei  asts 
I  he  .ids  antage  ot  methods  desi  ribed  hiter  in  this 
report  are  that  I 'i-to- iD-tlas  air  temperature 
tori'i  .ists  lire  not  .1  nei  essary  rei|uiremenl 

Summer  water  temperatures 

I  he  therm.il  struiture  ot  ,i  hike  is  mostly  nv 
lluenied  by  air  temperature,  radiation  .mil 
winds,  and  by  the  geograiihii  <il  setting  ol  the 
lake  1  hese  s.iriables  direi  tly  attei  t  the  date  ot 
It  e  Ol  i  urreiii  e  I  heretore,  our  set  ond  a|)|)roat  li 
utili/ed  summer  and, or  l.ill  ssater  temperalures 
.IS  intlii  ators  of  the  i  losing  dates  of  the  Gr.mtl 
Isle  terry  (tree/e-over) 


Mossesel  tills  melhod  ss.is  .ilsii  lejei  led  Allel 
ex. miming  .i  levs  se.iis  ot  i,-,  eiit  d.it.i  iiii  <,iti  In 
sis  ( ■  lesii  1 1  s  vs  el ,  ,  ,bt  .1  III,  d  I  I  ,  .Ills  t  he  S  e.ll  1 
SSele  Used  .  I  pp,  1 1  e  1 1 1  I  s  snllllllel  vs.ltel  lel;ip,l,i 
t  nil's  ,md  I  I  ee/e  I  ,s  ■  I  ,  on  Id  be  I  ol  I  el.  I  ted  S\  ,1 1  el 
tenipel  .ll  (lies  I  I  ,ible  Jl  VSele  e  X  l  epi  lol  1,1 1 1  S  high 
111  lime  Aligns!  ,111(1  Sepleiiibei  l'l7  1  linl  oiils 
Angllsl  I'xpellelli  ed  ss.lllllel  ill. Ill  llollll.ll  .ill  telll 
liel.ltUles  III  1  olltl.lsl  to  the  llollll.ll  it  Inis  hit 
est  suiimiel  (hlle  ot  the  vs.lllllesl  ss.llel  lellipel.l 
lUle  the  hiti'st  d.lle  ot  the  SS.lIIIK'st  SS.IIel 
leiiipei.ilnie  III  I'l,  i  VS. Is  I,  September  'Xi  (  oni 
p.nising  tills  v\, liming  lleiid  ss.is  th'  '  st  tens 
(losing  (hlle  |7  leliiu.ils  l‘)7-l|  ihe  lossesi 

iinmliei  ol  (hiss  (4H|  the  hike  ss.is  nnn.is  ig.ible 
due  to  It  e  on  I  el  Ol  (I  I  I  .ible  i  I 

Ihe  sx.iim  ss.llel  lempei.itnies,  i  oupled  vsilh 
ss.nni  .111  tenipel. limes  m  the  l.ill  ol  l‘)71  .ilso 
piob.ibis  h.id  some  be.iimg  on  the  hlle  i  losing 
d.lle  111  the  ssinlei  ot  t'l'l  Aiioidmgis  I  h, 
ss  111  tel  s  ot  I  'll  ,)l  t>‘l  I  ')*"!)"  1  .111(1  1  ‘1^  I  ^1 ,  shi  ,n  Id 
h.ise  t'X|  lei  K 'in  ed  l.tlei  th.in  ii'iiiii.il  Me  loiiii.i 
lion  I  I  .ible  il  llossesel  111  .ill  llllee  i.is.s 
liee/eosei  .ll  t.i.ind  Ule  oi.uiied  vsell  vsillim 
the  nol m.l I  boiiili hii  ICS 

■Addll  lon.ll  esidellie  ot  the  ll  11 1 1 1 . 1 1  ion  '  'll  dll' 
iippro.K  h  o(  i  III  led  dm  mg  the  ss  ml,  i  s  oi  )  n“  J  '  '. 
.mil  l‘)7't  7'>  W  .del  tenipel  .limes  m  I  une  (  )i  lo 
her,  Nosembei  and  Dei  embei  ol  I'I'J  i  I  .ible  J' 
sscrc  .ill  sigm) ll  .mtls  beloss  iioim.il  .is  sseie  .in 
lempei.it UK'S  m  ( )(  tobei  .md  Nos  emliei  s  d  the 
(losing  d.ite  ot  the  tens  ss.is  norm.il  Ihe 
l')74-7">  ss  inter  b.id  the  l.ite  (  losing  ihile  ot  4  1  eb 
ruary,  but  neither  ss.itcr  nor  ,ni  temiiei.itmes  i  ,m 
entirely  .ii  i  omit  tor  this  oi  i  urrein  e  In  l.n  t.  the 
ss.iter  temiierature  re.ii  hed  its  highest  |ie,ik  ot 
22  H°C  (7i°I  I  (tig  2]  on  It)  |uls  l')7'i.  versus  the 
normal  iie.ik  tempi'r.iture  ot  J  i  ti°(  (74  H°l  I  on 
it  luls 

In  summ.irs,  summer  ss.iter  temper. itures 
measured  on  Lake  (.'hamphnn  base  little  be.ning 
on  ss.iter  t('m()eratures  m  hite  Dei  ember  .mil 
l.inuary  As  espei  ted,  ssater  temiierature  is  pri 
marilv  dependent  on  air  temperature,  but  other 
vari.ibles  loniiihiate  the  overall  pii  ture 

Fall  water  temperatures  and  freezing 
degree-days 

liei  ause  ot  the  limited  suiiess  eniountered 
with  the  long-term  predii  tion  methods  desi  ribed 
thus  t.ir.  It  SS.IS  del  ided  to  use  a  more  direi  t,  vet 
more  <n  i  ur.ite,  means  ot  ire  prediition  Utili/ 
mg  the  .iv.iihible  rei  ent  an  temperature  dat. 
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n.uiu‘l\  Ihf  I  7  s<Mi  luimi.ils,  miu  c  tiu's  .iii'  mon' 
H'|)H's(‘iU.iti\  ('  ()l  ri'i  cut  trcinK,  >in  ai  i  iitatc  (  •  7 
(la\sl  i  li.ilc  i  an  lie  prciln  led  a  inorilti 

ahciUl  I  he  model  iru  orporate-.  uatei  tem|)eta 
tores  and  tree/iii);  decree  il.i\s  m  the  deti'rmm.i 
lion  ot  the  i  losiim  date  Us  i  losi‘l\  niomlonnr; 
these  the  d.ile  ot  K  e  lormation  ran  he  moie 
I  iosels  (unpointed  ,is  it  a|)|)roa(  lies 

The  dates  of  the  occurrence  of  these  three 
particular  water  temperatures  in  the  late  fall- 
early  winter  were  of  interest  Of  primary  impor¬ 
tance  was  the  date  the  temperature  of  the  lake 
cooled  to  4°C  (39°F)  and  remained  at  or  below 
this  temperature  The  first  temperature  limit  was 
chosen  because  4°C  is  the  temperature  at  which 
water  reaches  its  maximum  density  and  the 
lake's  thermal  profile  is  nearly  isothermal  at  this 
time.  The  average  date  of  4°C  water 
temperature  is  19  December,  this  corresponds  to 
100  freezing  degree-days  (App  B)  On  the 
average,  29  days  (±  7  days)  and  250  freezing 
degree-days  elapse  between  the  occurrence  of 
the  4°C  reading  and  freeze-over  at  Grand  Isle 
(Table  4).  This  represents  an  accuracy  range  of 
almost  75%  (Table  4)  Therefore,  it  can  be 
estimated  that,  when  the  water  temperature 
reaches  4°C  (39°F),  freeze-over  will  occur  ap¬ 
proximately  29  days  ( ±  7  days)  and  250  freezing 
degree-days  later  The  results  of  this  prediction 
method  for  each  year  are  summarized  in  Table 
5 

From  the  calculations  shown  in  Table  4,  It  is 
evident  that  when  winter  air  temperature  trends 
are  colder  than  normal,  thus  accumulating 
freezing  degree-days  at  faster  rate,  freeze-over 
occurs  from  1  to  7  days  earlier  than  normal  The 
accuracy  of  this  ice  (irediction  model  is  ex- 
( ellent  (  ±  7  days)  when  it  is  noted  that  other  im¬ 
portant  meteor;. logical  and  mechanical  factors 
have  not  been  considered 

However,  as  a  further  demonstration  of  the 
ice  formation-freeze-over  date  at  Grand  Isle,  the 
same  type  of  analysis  is  presented  for  water 
temperatures  at  2°C  (Tb^F)  and  1°C  (34°F) 
respectively  Appendix  B  summarizes  the 
average  dates  and  corresponding  accumulated 
freezing  degree-days  for  the  occurrence  of  2°C 
(31  December,  200  freezing  degree-days)  and 
1°C  (9  lanuary,  280  freezing  degree-days)  In  ad¬ 
dition,  the  average  number  of  days  from  those 
dates  until  the  closing  date  of  the  lake  at  Grand 
Isle  were  also  calculated  (17  days  and  8  days, 
respectively)  Table  4  summarizes  these  results. 

Thus,  similar  to  the  predictions  made  using 


4°(,'  (39°F)  water  temperature  as  a  base,  freeze- 
over  will  occur  17  days  (  ±  b  days)  and  1 50  freez¬ 
ing  degree-days  after  the  lake  reac  hes  2°C 
(3b^F),  and  8  days  (±  4  days)  and  70  freezing 
degree-days  after  it  reaches  1  °C  (34°F)  (Tabli*  4) 
There  is  the  advantage  of  more  accurate  predic¬ 
tion  with  decreasing  temperature  However,  the 
decreased  accuracy  in  using,  for  instance,  4°C  as 
the  basis  for  prediction  is  compensated  for  by 
the  fact  that  a  forecast  of  the  closing  date  can 
be  made  further  in  advance  (29  days  versus  17 
and  8  days,  respectively)  See  Appendix  B  for  a 
combined  summary. 

The  significance  of  the  accumulated  treezmg 
degree-day  curves  for  an  area  is  that  if,  for  some 
reason,  water  temperatures  are  not  available  a 
freeze-over  date  could  still  be  approximated  by 
matching  a  previous  winter's  freezing  degree- 
day  curve  from  Appendix  A  with  the  start  of  the 
current  winter's  accumulation  of  freezing 
degree-day  data 

In  a  further  effort  to  more  -ic  c  urately  estimate- 
a  closing  date-,  two  actual  accumulated  Irc-ezing 
degree-  clay  c  urve-s  (Afip  A)  (for  1975-7b  and 
197b-77)  were  comiiareci  at  2°C  (3b°F)  and  1  °G 
(34°F)  with  curvt-s  ol  similar  shafn-s  and  sloties 
thrcjugh  tile  e-nci  of  De-ce-mbe-r,  rafher  than  with 
the-  nornuil  curve-  The  1975-7b  curve  was  com- 
fiare-d  with  the  19b8-b9  curve-,  using  the  te-ch- 
nic|ue-  (ire-viously  described  Likewise  the 
197<)-77  curve-  svas  com(iare'd  with  the  19b2-b3 
curve-  The-  re-sults,  shown  in  Table  b,  clemon- 
str.ite-  that  these  a|)()roximations  clo  not  re[)re- 
se-nt  any  significant  imfirovement  over  using  the 
normal  c  urve- 

Fmally,  obse-rvations  from  other  stations  were 
e-xamme-d  in  order  to  determine  whether  the 
elate-s  of  the  ice  lormation  (iredicted  by  this 
method  hold  true  for  othe-r  sites  on  Lake  Gham- 
(ilain  The  a()|)roach  thus  tar  used  air  tempera¬ 
tures  from  the  Burlington  Airjiort  and  water 
lem()eratures  from  the-  Lake  Champlain  Trans- 
(lortation  Com()any  (LC  r  Co  )  records  1  hc-refore, 
air  and  water  temperatures,  as  well  as  observ¬ 
ances  of  dates  of  ice  formation,  measured  by 
CRRFL  at  Shelburne  Point  (1974-75,  1975-7b)  and 
Grand  Isle  (197fa-77  and  1977-78),  wc-rc-  comparc-d 
with  the  water  temiierature  data  from  the  LCT 
Co  files  Comjiarisons  between  watc-r  tem(iera- 
ture  of  2  and  1  “C  and  ac  tual  ice  formation  dates 
are  shown  in  Table  7:  this  analysis  and  Table  5  il¬ 
lustrate  the  validity  ot  the  approach  to  ice 
prediction  for  locations  on  Lake  Chanijilain  For 
the  most  fiart,  the  dates  corres|)ond  within  a  day 
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Table  4.  Days  to  closing  of  ferry  at  Grand  Isle  due  to  ice  after  occurrence  of 
4,  2,  and  1°C  water  temperatures. 
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J  UtH 

IH 

11  Op. 

24 

h  jail 

1 

1471  74 

17  Up( 

^2 

1  1  Ian 

2S 

21  Ian 

17 

1474-7S 

ZS  0p< 

41 

21  fan 

14 

22  Ian 

1  1 

147S-7h 

14  Up< 

7S 

24  l)4>< 

1S 

S  Ian 

H 

147h-77 

1  Upc 

2'i 

IS  Op. 

1  1 

77  O.'i 

h 

1477-7H 

7b  Dpi 

71 

10  D<>( 

17 

10  tan 

(i 

Averagt' 

14  Dpi 

24  ±  7  days 

11  o... 

17  i  h  da  vs 

4  (an 

H  1  4  days 

Table  5.  Predicted  freezing  degree-days  and  closing  dale  of  Ferry  as  compared  with  ac¬ 
tual,  using  water  temperature  occurrence  of  4,  2,  and  1°C 


W  inter 

Estimated  from 

Istimated  from 

2®f  fi6Vi 

t  •climated  trum 

Actual 

Cloiinn 

(late 

z®- 

(o  c/o>e 

C/osiOK 

dale 

/«' 

to  close 

C /os  inn 
dale 

z®- 

(o  c/ose 

Cloiinn 

date 

z»- 

to  c/osp 

1462-fa) 

4  Ian 

245 

1  Ian 

210 

i  Ian 

2)0 

30  D.'C 

220 

1463-64 

Insuff  IT  lent  water 

temperature 

d.il.) 

31  Dp. 

240 

1464-65 

14  Ian 

350 

24  Jan 

17S 

14  ).in 

320 

15  Jan 

KX) 

14b5-hh 

30  Ian 

360 

2S  Ian 

MX) 

21  Ian 

280 

2b  Ian 

no 

1466-67 

.10  (an 

44(J 

4  fpb 

410 

7  fpb 

4(X) 

b  let) 

4(K) 

1467-6H 

1b  Ian 

360 

7  Ian 

260 

10  Ian 

KK) 

8  Ian 

140 

1468-64 

8  Ian 

380 

12  I. in 

190 

4  Ian 

)20 

4  Ian 

425 

1464-70 

InsuitiT  lent  water 

temjH»rature 

(idtd 

S  Ian 

170 

1470-71 

22  Ian 

500 

25  Ian 

S40 

14  Un 

SIO 

17  Ian 

SSO 

1471-72 

18  Ian 

390 

21  (an 

410 

27  (an 

410 

29  (an 

40S 

1472-7) 

31  Dpc 

320 

28  Dp. 

2S0 

14  (an 

1 10 

9  (an 

no 

1473-74 

1b  Ian 

28) 

10  Ian 

410 

24  |..n 

440 

7  |pb 

480 

1474-75 

23  \an 

)70 

7  Fpb 

190 

10  Jan 

140 

4  leb 

170 

1475-76 

17  Ian 

320 

1  )  Ian 

ISO 

1  1  Ian 

110 

1  1  Ian 

170 

1476-77 

1  Ian 

280 

1  Ian 

280 

)0  Dp. 

250 

28  Dp. 

2  SO 

1476-77t 

1  tan 

270 

1  Ian 

240 

)0  Dp. 

2(X) 

28  Dp. 

250 

1477-78 

24  (an 

410 

16  Ian 

310 

18  Ian 

110 

16  (an 

120 

•  Z”  =  Frpeiinn  de(jree-dav»  (®t) 
t  tRRH  Sitp 
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Table  6.  Predicted  closing  date  of  lake  for  two  winters  from  a  similar 
winter  versus  "normal." 


[ilimaled  Iton/i  Islimaled  from 


1®C  (J4of) 

Actual 

Winter 

Closing 

date 

/O- 

to  close 

Closing 

date 

/o* 

fo  close 

Closing 

date 

Z°‘ 

to  close 

1975-76 

From  1968-69 

13  Ian 

370 

19  Ian 

440 

13  |an 

370 

1975-76 

From  normal 

13  Ian 

350 

13  Ian 

330 

13  |an 

370 

1976-77 

From  1962-63 

31  Dec 

300 

26  Dec 

230 

28  Dec 

250 

1976-77 

From  normal 

1  Ian 

280 

30  Dec 

250 

28  Dec 

250 

■  Z®  =  Freezing  degree-days  (®C) 


Table  7.  Comparison  of  water  temperatures  and  ice  formation  at  several 
sites  on  Lake  Champlain. 


Dale 


Site 

Date  .'®C 

Date  l®C 

»c<*-covprp(i 

Remarks 

Winter  /974-75 

A  Hurlin>4(on 

21  Ian 

22  Ian 

4  Fpb 

Ferry  dosed,  Grand  Isle 

(LCT  Co  1 

H  Sholburn*’  Pt 

'V29  Ian 

4  Feb 

Up  tormed,  Shelburne  Pt 

(CKKtlJ 

Winter  t97b-7h 

A  Hurlin^ton 

29 

5  Ian 

It  Ian 

F<*rrv  do'*ed.  Grand  Isle 

(ICI  Co) 

H  Shfiburnf  Pt 

M)  Dpi 

6  Ian 

14-15  Ian 

Up  tormed,  Shelburne  Pt 

{(  KKFU 

V\/nter  /976-77 

A  Burlin^iton 

15  Dp< 

22  Dei 

28  Dei 

U  p  formed 

(ICT  Co  ) 

H  Grand  KIp 

2(1-21  Up* 

28  Opt 

Up  formed  at  recording  buoy, 

(CRRFL) 

C  Shelburnf  Pt 

10  Dei 

Grand  Isle 

ke  formed.  Shelburne  Pt 

Winter  1977-78 

A  BurlinHton 

i(>  Dp( 

10  Ian 

16  Ian 

Up  formed 

(LCI  Co) 

B  C'.rand  IsIp 

28  Dei 

14-15  Ian 

10-11  Ian 

Ice  formed  at  recording  buoy, 

(CRRFLI 

C  Shelburnp  Pt 

_ 

16  Ian 

Grand  Isle 

ke  tormed,  Shelburne  Pt 
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or  two  to  the  c  losing  dates  ot  the  terry  or  vsiteti  it 
would  havi‘  heeii  c  losed  due  to  (lermaoent 
tree/e-o\er  ‘ 

Wind  speed  influence  on  closing  of  (he  lake 

Average  daily  wind  speeds  (m  s“')  were  ai 
lUimiiated  ear  It  tall,  st<irting  with  the  date  ot 
()°(.  av  r'r.ige  daily  air  tr'iriperature  or  t  urrenr  e 
until  the  tr-rrv  r  losing  rlate  rlue  to  ire  tor  iMr  h 
winter  troni  t^'ir)  to  1^(78  1  hese  values  give  the 
total  wmrl  run  rluring  lake  tooling  tielow  a  liase 
ot  ()°C'  air  tem()erature  tor  each  winter  these 
valut's  are  shown  with  ar  t  uniulaterl  tree/ing 
rlegree-rl.iys  base  (0°C)  in  ast ending  orrier  in 
I  able  8,  for  the  purpose  rrf  ranking  analysis, 
whirh  will  f)e  tlisr  iissetl  later  in  this  sertion 

As  mixing  by  winti  appeared  to  be  the  next  sig 
nitu  ant  variable  in  pretlirtirrn  ot  trerve  river, 
winri  values  (independent  variabir's]  were  then 
rorrelaterl  with  total  arrumulaterl  trer'/ing 
rlegree  rl.ivs  from  I.ible  8  (rlefir'iitlent  variable) 
tor  r  tirresponding  yt'ars  using  a  roinputer  rr'gres- 
sion  analysis  for  eath  winter  I  he  rr-sults  anri  a 
rom()uter  (ilot  are  shown  in  figure  i 

1  he  formula  used  is 

V  =  cl  +  bx 

where  v  =  accumulated  freezing  degreedavs 
(‘’O  until  ice  formation  and  x  =  accumulated 
average  daily  wind  sfit'etls  (m  s"')  until  ir  e  for¬ 
mation  The  compufed  values  of  a  and  fa  are 
given  in  Figure  3,  Figure  3  also  gives  thr* 
calculated  correlation  coefficient  (r)  of  0  63  be¬ 
tween  accumulated  freezing  degree-days  and 
accumulated  daily  average  wind  speed 

The  ranking  order  of  accumulated  freezing 
degree-days  to  closing  of  the  ferry  (a,.  Table  8). 
and  the  accumulated  average  daily  wind  from 
the  starting  date  of  freezing  degree-days  (fa,. 
Table  8),  are  ranked  against  the  actual  yearly  ob¬ 
servations  of  earliest  to  latest  closing  dates  of 
the  lake.  A  ranking  correlation  (Smillie"’)  was 
computed  for  the  data  in  Table  8,  using  the  ex¬ 
pression: 


*  the  (.ihikI  Is)i'  Icrrv  oticf.itc<l  in  n  <•  throughtiiil  itin  winliTs 
<)l  1<)77  cind  197B  by  briMking  ,i  (  hcinncl  Ihriuigh  Itin  l.iml  l.wl 
i(  ( ovvr  (Batt’s'  ) 


where  r  is  the  rank  i  urrelation.  n  is  the  numlier 
ot  iniiut  values  and  1',  is  the  sum  ol  the  squares 
ot  tin-  rank  dillerem  es'|a  fa  )■  I  he  above  expres 
Sion,  using  the  data  in  I  able  8,  redur  es  to 

r  1  ot 

()84()  I 

Kank  t  orrelation  (r  )  0  t)3 

I  he  analvses  shown  in  I  igure  f  and  1  able  8, 
and  tile  similar  i  orrelation  (  oett  it  lents  obtained 
by  both  methods,  iiulii  ate  tliat  1)  alter  air  tem- 
(lerature.  wind  speed  is  probably  the  next  most 
sigiiiiic  ant  varialile  in  [iredu  tion  ot  k  e  forma¬ 
tion  dates,  3)  a  greater  number  ot  freezing 
degree  (lays  are  needed  to  ( lose  navigaluzn  on 
tile  lakt'  It  wind  speeds  are  high  — in  other  words, 
Ireezeover  is  more  likely  to  o((ur  with  lower 
wind  sfieeds  and  cold  tempc’ratures,  and  3)  atter 
the  lake'  is  tooled  to  near  ()°C',  strong  winds 
delay  the  otturrente  ot  tr<>eze-over  on  a  large 
lake  su(  h  as  lake  Champlain  When  mt’chanital 
mixing  of  the  surfatf’  area  of  a  lake  is  r(‘duc<*d 
during  low  wind  s()eeds,  and  300  freezing 
dt'gree-days  have  been  accumulated  (1  able  3)  on 
Lake  Champlain,  the  next  cold  air  mass  with  low 
wind  speeds  will  most  likely  induce  freeze-over 

Water  temperature  vs  surface  air 
temperature  analysis 

To  relate  the  water  and  surface  air  tempera¬ 
ture  analysis  for  Lake  Champlain  to  other  large 
lake  areas,  the  report  '  Lake  Ontario  Atlas;  Lake 
Temperatures  (Chermack  1977")  was  obtained 
This  report  gives  average  monthly  lakt'  and  sur¬ 
face  air  temperature  variations  near  two  sites, 
Rochester  and  Oswego,  New  York,  on  Lake  On¬ 
tario  The  period  of  record  covered  was  18  years 
(1950-1968),  or  approximately  the  same  number 
of  years  as  the  Lake  Champlain  study  The  Lake 
Champlain  water  temperature  data  are  from  the 
period  1962-1978,  which  encompasses  only  7  of 
the  same  years  as  the  Ontario  study;  but  the 
analysis  shows  some  similarities 

Lake  Ontario,  New  York,  temperature  curves 
taken  from  Figures  5  and  6  of  Chermack"  are 
replotted  in  this  report  in  Figures  4a  and  b.  The 
air  temperature  scale  is  expanded  to  accommo¬ 
date  a  similar  plot  for  Lake  Champlain,  Vermont, 
for  comparison.  In  order  to  plot  the  diagram 
(Figs.  4a  and  b)  for  Lake  Champlain,  data  from 
Tables  1  and  2  were  used.  However,  water 
temperatures  were  not  measured  under  the  ice 
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Table  8.  Ranking  order  of  accumulated  free/inK  degree-days  and  ac 
cumulated  wind  vs  closing  of  Lake  Champlain  at  Grand  Isle,  Vermont. 


1  iMsr  to  unsitfst 

\(  Pl.l/ 

l  t\i\l  fn  ^.’rraP'sf 

.m  nmnUitrtl  wind  rom 

t(f  Ijtost 

Kiinkinn 

/“•  J.HS  (ti  1 

1  »l 

st.id  /“■  i/Jvs 

p>  (  U>sin^  i)  < 

Iti'tinu  id  Itikv  l\rl 

ii 

till 

bH)i  hj 

1H0 

lopj  Pt 

01 

107(>  77t 

1 

1  0 

J'MjJ  pi 

JJO 

lOPl  P4 

124 

10(>2  PI 

- 

1  I 

l‘i7p  7" 

j">0 

l<»7f)-77 

140 

lOlil  P2 

1 

4-  1 

pr»‘j  pb 

JPO 

lOPi  PJ 

U>7 

tOPl  P4 

•> 

2  1 

I'Ki  1  ()4 

JOO 

l‘M>‘»-7(l 

171 

lopo  70 

12 

^  7 

1*H>4  h") 

(00 

tOPO-Pl 

17S 

OriO  PO 

4 

8  4 

i<t7j  :’i 

(10 

|■l7^-7(, 

IHO 

10P7  PH 

1 1 

11-0 

»>b 

(10 

lOSO  PO 

1H4 

lOPH-PO 

17 

14  ( 

I‘t7/  7H 

(>o 

l'»7l)  71 

101 

I<)72-7! 

7 

12-') 

Pi 

1(0 

l>»77  7H 

200 

10P0-I)1 

10 

P  4 

ipp:’  PH 

(40 

10P7  PH 

2(M) 

i't7';-7i)t 

1 1 

7  () 

pM.b  70 

170 

l'(7-'-7i 

ito 

10P4-PS 

p 

1  1-7 

I'I7‘>-7P 

170 

10*  >4-01 

7  ill 

1077 '7Ht 

0 

10-1 

1‘)74-7'> 

170 

lOPH-PO 

211 

1*»7(l-71 

10 

0  10 

lOPP  (.7 

41M) 

l•t7i-7■4 

27! 

lop^i-pp 

8 

17  0 

1071  -77 

40S 

l')PP-P7 

2'I7 

1071-72 

IP 

10-  1 

lOPH  po 

4.’S 

I'lbS-l)!, 

10  "> 

1074-7St 

14 

18-4 

107  (-74 

4H0 

l‘)74-7', 

I2> 

lbbh-07 

IS 

lP-1 

l‘)70-7l 

'.■»o 

)'I7I-7.> 

IPI 

l<»71-74 

18 

!■)-  1 

■  /®  •  f  rrr/ini*  (®(  ) 

t  (  KKl  I  obscr^rd  i  (inditutriN  dufioK  thcsf  vc.irs,  also,  thf  Ifrrv  opfralt'd  (liirinK  thi>  ftitirt* 
VMntrfs  ot  lb7b-77 

C  l<)>(iiK  d.itt".  «irf  rrffv  tu>rm<illv  \M)uld  h«iv<*  <  losrd 


Accumuiottd  Wind  (X) 


Figure  J.  Computer  regression  analysis  plot,  Bur¬ 
lington  Airport  Data.  y  =  a-Fbx,  a—188.4,  h  =  ().654 
and  correlation  coefficient  =  0.6T 
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Avtraqa  Monthly  Air  Ttmpuralur*  (‘Cl  A»»rog*  Monthly  Air  Tomporoluro  (‘O 


a. 


b. 


f  igure  4.  Average  lake  water  temperatures  vs  air  temperatures  for  Burlington,  Vermont  vs  Oswego  ami 
Rochester.  New  York. 


cover  most  winters  (January-March).  A  combina¬ 
tion  of  the  LCT  Co  data  for  the  years  available 
with  the  CRREL  measurements  on  water 
temperature  of  the  past  4  winters  is  included  in 
the  averages  for  Burlington  in  Figure  4.  A  slope 
analysis  was  computed  of  air  vs  water 
temperature  (Table  9).  This  shows  the  similarities 
between  the  curves  for  Burlington  vs.  Oswego 
and  Burlington  vs.  Rochester  in  Figures  4a  and  b. 
Table  9  shows  that  the  slope  differences  be¬ 
tween  months  are  the  greatest  in  the  summer 
and  that  the  slopes  of  the  curves  are  similar. 

The  curves  in  Figures  4a  and  b  demonstrate 
the  similarity  between  a  large  lake  (Ontario)  and 
a  smaller  one  (Champlain)  in  similar  temperate 
climates.  Flowever,  there  are  notable  differ¬ 
ences;  for  instance  on  a  larger  lake,  the 
mechanical  effects  of  wind  are  greater, 
therefore  breaking  up  the  primary  ice  cover  and 
delaying  freeze-over.  Also,  on  Lake  Champlain 
(Figs  4a  and  b)  air  temperature  means  are 
colder,  especially  in  winter,  and  exhibit  a  greater 
monthly  range  than  they  do  at  Oswego  and 
Rochester  on  Lake  Ontario. 

A  further  comparison  of  Lake  Champlain  and 
Lake  Ontario  involved  an  examination  of  annual 
air  and  water  temperatures  at  both  lakes.  For 
this  analysis,  Oswego,  New  York,  was  selected 
from  Chermack”  as  it  is  nearer  in  mileage  to 
Lake  Champlain.  The  mean  annual  air 
temperature  for  Oswego  was  8.5®C  vs  6.4‘’C  for 
Burlington.  The  mean  annual  water  temperature 
for  Oswego  was  9.0®C  vs  9.6‘’C  for  Burlington. 


The  Burlington  values  are  plotted  on  Figure  5. 
Table  9,  Figures  4a  and  b,  and  Figure  5  show  that, 
even  though  the  mean  annual  air  temperature  is 
2.1  °C  warmer  at  Oswego  than  at  Burlington,  the 
mean  water  temperature  on  Lake  Champlain  is 
0.6°C  warmer  than  on  Lake  Ontario.  One  factor 
that  must  be  considered  in  this  comparison  is 
that  Oswego  (Lake  Ontario)  records  are  for  the 
period  1950-1968,  whereas  the  Burlington  (Lake 
Champlain)  data  are  for  the  period  1960-1978. 
Another  possibility  for  this  0.6°C  difference  is 
that  Lake  Ontario  has  a  much  larger  water 
volume  that  has  to  be  cooled  or  warmed 

Further  studies  on  lake  surface  relationships 
between  annual  water  temperatures  and  near¬ 
surface  air  temperatures  need  to  be  completed. 
This  may  be  a  way  of  comparing  one  lake  or 
reservoir  with  another  where  no  records  of  ice 
formation  or  breakup  are  available.  Also,  it  may 
be  an  indicator  of  the  length  of  the  ice  season. 
Finally,  as  previously  stated,  the  geographical 
size,  depth  and  exposure  of  the  water  body  will 
have  to  be  considered. 

Prediction  of  ice-out  dates 

Freezing  degree-days  graphs  were  also  used  in 
an  attempt  to  predict  the  opening  date  of  the 
ferry.fice  free  at  Grand  Isle).  The  average  date  of 
the  maximum  accumulated  freezing  degree-days 
is  20  March  (App.  B),  and  the  number  of  days 
from  this  date  until  the  opening  of  the  lake  were 
computed.  Approximately  15  days  (±5  days) 
elapse  between  the  date  of  above  0°C  average 
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figure  S.  Mean  annual  water  and  air  temperatures,  Bur¬ 
lington.  Vermont,  1962-1978. 


Table  9.  Slopes  of  air  vs  water  temper¬ 
ature  determined  from  Figure  4. 


Slopes 

Burlington 

Oswego 

Rochester 

Dec-^Jan 

094 

056 

0  57 

|an-*Feb 

-1  60 

-2  50 

-2  75 

Feb-*Mar 

006 

003 

004 

Mar^Apr 

0  26 

015 

016 

Apr~*May 

0  57 

0  52 

0  52 

Mav”*)un 

1  30 

1  05 

1  02 

)un-*}ul 

2  42 

2  32 

3  62 

Iul-*Aug 

-0  29 

-1  25 

-1  10 

Aug-»Sep 

062 

062 

0  58 

Sep-*Oct 

084 

098 

1  01 

Oct-*Nov 

066 

086 

085 

Nov-*Dec 

048 

-0  44 

046 

6  28/12 

3.78/12 

4  98/12 

Avg.  slope 

0  523 

0.315 

0  415 

daily  air  temperatures  and  the  opening  of  the 
ferry.  This  figure  exhibits  too  great  a  variation  to 
be  seriously  considered  as  a  viable  means  of  pre¬ 
dicting  an  ice-out  date.  Since  Lake  Champlain  is 
large,  other  influences  (i.e.,  solar  radiation,  wind, 
water  currents,  etc.)  also  affect  the  rate  of  ice 
deterioration.  Further  work  needs  to  be  done  on 
the  identification  of  these  parameters  and  their 
influences  regarding  ice  breakup. 


CONCLUSIONS 

The  basic  data  obtained  on  the  annual  open¬ 
ing  and  closing  dates  of  the  Lake  Champlain 
Transportation  Company  (LCT  Co  ),  Grand  Isle, 
Ferry  Crossing  made  this  report  possible.  The 
LCT  Co.,  from  1960  to  the  present,  maintained  an 
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ai  i  iiratf  ac  (  ounl  ol  tlif  terrv  <  Iomiih 
atui  opcniny  (lati'--  cac  h  \tMr  ill, it  .ire  cssi'nli.ilK 
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tilin'.  Ill  (l.ites  ot  tree/e  iner  ,it  (.r.inil  Isle,  i  onv 
plete  hike  tree/e  mei  .mil  oi  i  urreiu  e  ol  n.iter 
temper. ituie  .it  4°C  (  i‘l°l  ),  J°(  ( i(i°t  )  ami  I  °( 

I  i4°l  ) 

1  riini  these  tree/inn  (leriree  ihu  i  urves  .md 
their  .issoi  i.iteil  mtoriii.ition,  n  e  lormation 
ihites  ,111(1  st.milaril  liev  i.itioiis  were  preilii  tell 
with  ( iinsiiler.ible  .ti  i  nr.ii  \  (l.ible  1)  Sever.il 
niethoils  ot  predn'mri  lie  torniation  on  lake 
('hani|il,iii'  were  studied  I  he  most  .ii  i  ur.ite  .i|)- 
(iroai  h  involved  the  use  ot  ,t  i  onibin.ition  of 
water  temper.itures  and  tree.’in^;  denree-d.iys  It 
the  past  17  winters  are  i  onsidered,  ,i  w.iti-r  tem¬ 
perature  ot  4°(.  (ib°l  |  and  1(10  tree/in^;  det>ree- 
d.ivs  normalK  oiiurred  on  Ih  Lleiember  1  bus, 
tree/e-over  at  (Irani!  Isle,  Vermont,  i  an  be  ex- 
(lei  ted  a()(iro\im.iteK  2b  da\  s  l.iter  ,it  nearly  ISO 
tree/iny  (lejt''ee-(his s  °(  ,  whii  h  tails  normally  on 
IS  lanuarv  with  .i  st.md.ird  deviation  ot  7  d.iys 
Althounh  this  I  ,ili  ul.ition  is  for  (Srand  Isle,  the 
value  IS  reiiresentative  (see  Tabl(>  7)  of  other 
.ireas  of  the  hike  hnally,  this  [iredicted  dale  (1  S 
lanuarv)  lan  be  .i()f)ro\imaied  starting  with  the 
,iverat>e  date  of  oiiurrenie  of  2°C  and  1°(' 
watt'r  temperature,  whiih  corresponds  to  200 
and  280  tree/intj  degree-days  '’C,  restrettively 
(see  Apti  HI 

Analysis  on  wind  speed  influence  on  the  ice 
cover  formation  of  Lake  Champlain  was  made 
for  the  years  of  the  study  A  computer  regression 
analysis  using  wind  speeds  and  freezing  degree- 
days  °C  as  variables  gave  a  correlation  coeffi¬ 
cient  (r)  of  0  63  Also,  a  ranking  analysis  (Table  8), 
using  the  same  variables,  gave  a  similar  rank  cor¬ 
relation  (rs)  of  0.62,  indicating  to  the  authors  that 
a  greater  number  of  freezing  degree-days  are 
needed  to  close  a  large  lake  to  navigation  due  to 
ice  if  wind  speeds  are  high.  In  other  words, 
freeze-over  is  more  likely  to  occur  with  lower 
wind  speeds  and  cold  temperatures 

Another  analysis  (Table  9,  and  Figs  4a  and  b) 
was  completed  in  which  surface  atr  temperature 
was  plotted  against  water  temperature  for  Lake 


Champlain  and  lomparcil  with  a  simihir  .inalysis 
lor  l  ake  Ontario  at  two  loi  .itions  I  he  slopes 
resulting  from  this  analysis  are  similar  for  both 
lake  (  h.imphiin  and  Lake  Ontario  Indiiations 
are  that  this  might  be  ,i  w.iy  of  comparing  one 
reservoir's  ii  e  i  over  history  with  that  ot  another 
where  rei  ords  of  i  limate  and  or  water 
temperatures  are  available  and  dates  of  iii'  for 
mation  and  breakup  are  unavailable 

further  heat  budget  studies  on  the  interaction 
at  the  air  water  or  iie  interface  need  to  be  i  om 
pleted  to  further  c  onf irm  the  above  analysis 
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APPENDIX  A:  FREEZING  DEGREE  DAY  CURVES  WITH  ICE 
NOTATIONS  AND  WATER  TEMPERATURE  NOTATIONS 
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Figure  A19b 


APPENDIX  B  SUMMARY 


Average  date  4°C  19  December,  29±7 

davi  to  close  ot  ferry 

Average  number  of  freezing  degree-days  on  19 
December  100,  250  freezing  degree-days  to 
close 

Average  date  2°C  (.f6°F):  11  December,  17±6 
days  to  close  of  ferry 

Average  number  of  freezing  degree-days  on  31 
December  200,  ISO  freezing  degree-days  to 
close 

Average  date  1°C  (34'’F):  9  lanuary,  8±4  days  to 
close  of  ferry 

Average  number  of  freezing  degree-days  on  9 
lanuary  280,  70  freezing  degree-days  fo  close. 

Average  closing  date  at  Grand  Isle:  15  lanuary 

Ayerage  number  of  freezing  degree-days  on  15 
lanuary:  342. 

Average  date  of  maximum  accumulated  freez¬ 
ing  degree-days:  20  March 

Average  number  of  days  to  opening  at  Grand 
Isle:  15±5  days 

Ayerage  opening  date:  5  April 
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